In deciphering the DNA structures, evolutions and functions, Cellular Automata (CA) plays a significant role. DNA can be thought as a one-dimensional multi-state CA, more precisely four states of CA namely A, T, C, and G which can be taken as numerals 0, 1, 2 and 3. Earlier, Sirakoulis et al. (2003) reported the DNA structure, evolution and function through quaternary logic one dimensional CA and the authors have found the simulation results of the DNA evolutions with the help of only four linear CA rules. The DNA sequences which are produced through the CA evolutions, however, are seen by us not to exist in the established databases of various genomes although the initial seed (initial global state of CA) was taken from the database. This problem motivated us to study the DNA evolutions from more fundamental point of view. Parallel to CA paradigm we have devised an enriched set of discrete transformations which have been named as Integral Value Transformations (IVT). Interestingly, on applying the IVT systematically, we have been able to show that each of the DNA sequence at various discrete time instances in IVT evolutions can be directly mapped to a specific DNA sequence existing in the database. This has been possible through our efforts of getting quantitative mathematical parameters of the DNA sequences involving fractals. Thus we have at our disposal some transformational mechanism between one DNA to another.
Introduction
Here, we consider a DNA sequence as a onedimensional, one-neighborhood, four-state CA where the nucleotides A, T, C and G are replaced by 0, 1, 2 and 3 respectively. Earlier, in deciphering DNA structures, evolutions and functions, quaternary logic onedimensional CA was used by Sirakoulis et al. (2003) . They used only linear CA rules for time state evolution. It is worth noting that there are only four linear CA rules namely f 0 , f 27 , f 34 and f 57 which were applied for generating sequences over the time state evolutions. Out of them only f 27 and f 57 are bijective. Also they used uniform CA rules over the entire DNA sequence for CA evolutions. Consequently, they did not find any significant results in existing gene database. So we follow a different path on using Integral Value Transformations (IVT) (Hassan et al., 2010b; Choudhury et al., 2011) instead of CA. The sequence obtained from an initial sequence was broken down into blocks of a fixed length and bijective rules of IVT 4,1 # were applied in a systematic manner iteratively as described in section 3. The sequence at each stage was classified according to the parameters as proposed earlier (Hassan et al., 2010a) and was also blasted in the NCBI database. It is worth noting that most of the IVT 4,1 # rules applied in obtaining the sequences are non-linear and bijective. Thereby, the authors confirm that by systematic application of IVT as proposed, DNA sequences that exist in the database can be generated unlike the one proposed in the report of Sirakoulis et al. (2003) .
Some basics on integral value transformations (IVT)

Definition of IVT
Integral value transformations (IVT) IVT
to N 0 is defined where p denotes the p-adic number, k denotes dimension of the domain and # represents the transformation index (Hassan et al., 2010b; Choudhury et al., 2011) . It is worth noting that these IVTs correspond to each of the multi-state Cellular Automata. Let us define the IVT in N 0 in 4-adic number systems. There are 256 (4 4 Corresponding to each of those CA rules, there are 256 IVTs in 4-adic system in one dimension.
# is mapping a non-negative integer to a nonnegative integer.
Where 'a' is a non-negative integer and a = (a n a n−1 · · ·a 1 ) 4 and 'b' is the decimal value corresponding to the 4-adic number.
For example, let us consider a = 225 = (3201) 4 and #=120, so f # (0)=0; f # (1)=2; f # (2)=3 and f # (3)=1.
Therefore, IVT 
Some basics on cellular automata
The concept of Cellular Automata is introduced by Neumann (1966) and Ulam (1974) The CA is known to be a Discrete Dynamical System reliant of discrete time and states. The CA evolves in discrete time steps and its evolution is manifested by the change of its cell states with time. Each cell would change itself according to the CA rules. There are 252 non-linear one-dimensional four-state CA rules as we have seen in the Integral Value Transformations. IVTs are typically special type of CA rules if we restrain the domain N 0 as {0, 1, 2, 3}.
Methods and results
Methods
Without loss of generality, we have considered DNA sequences of Olfactory Receptors (ORs) namely OR1D2, OR1D3P, OR1D4 and OR1D5. It is worth notifying that OR1D3P, OR1D4 and OR1D5 are the most similar sequences to OR1D2. All four fit in to a specific subfamily 'D' under the family '1' as per HORDE classification by HORDE (2003) . We then transformed the DNA sequence in terms of numerals by a simple mapping f as defined below:
Therefore, a DNA sequence is now simply a string of four variables namely 0, 1, 2 and 3 as per coding scheme f . Now we apply Integral Value Transformations (IVT 4,1 # ) systematically: Firstly, we segmented the whole one dimensional initial sheet of DNA of length of n and divided it into r multiple blocks. We designate the DNA string as S(t 0 ).
Secondly, we apply bijective transformations (need not to be all distinct) taken from over each of the r different blocks of S(t 0 ). Thereby, we call this case as Hybrid application of IV T s. In other words, we are getting S(t 1 ) from S(t 0 ) through hybrid application of IVTs.
Lastly, we apply a unique bijective transformation taken from T
4,1 #
over each of the r blocks of S(t 1 ) to obtain S(t 2 ).
We call this case U nif orm application of IV T .
Next, we follow the second and last steps successively. The results, on applying the proposed systematic technique of application of IVTs on OR1D2, OR1D3P, OR1D4 and OR1D5, are enumerated in the following section.
Results
The IVTs which are used to generate different S(t i )s are listed in Table 1 and Table 2 . The IVTs have been chosen here at random, without loss of any generality. Similarly other IVTs could be used to generate other different sequences and classified, mapped accordingly.
In Table 3 we are classifying all the S(t i )s corresponding to a particular OR based on two of our proposed parameters and then mapping them to a specific OR based on Hurst exponent as calculated in the report of Hassan et al. (2010a) .
Also we blasted all S(t i ) in the NCBI database and got the result as tabulated in Table 3 . Two interesting cases can be observed:
Case I: A sequence S(t i ) maps to a particular known human OR according to Hurst Exponent (Hassan et al., 2010a) . However, the same sequence when blasted in NCBI database, maps to a different OR of the same or different species. This is not surprising as the sequence may have similar texture to the mapped OR according to Hurst Exponent but may be structurally and functionally similar to the ORs obtained from the NCBI database. Case II: A sequence S(t j ) maps to a particular known human OR according to Hurst Exponent. However, the same sequence when blasted in NCBI database does not map to anything at all. This is because no known OR(s) are similar to S(t j ) at present in the database. It is our strong conviction that in future it may happen that the genomic landscape may generate such a gene over biological evolution which is predicted to be structurally similar to the mapped human OR.
Conclusion and future endeavors
In summary, we have devised a methodology by which, starting from a known DNA sequence and by applying non-linear bijective IVT rules on them, we obtained sequences that are similar to that of the existing species. Also, by our proposed methodology we generated sequences that may not be in the genome at present but in future if such sequences are produced by nature, then their structural similarity with respect to a known sequence has been predicted. In the near future, we are about to explore Integral Value Transformations as an alternative to Cellular Automata.
